Introduction
The quality and reliability of a diagnosis drawn on the basis of a ultrasonic investigation depends to a great extend on the technical quality of the imaging system. Over the last years a number of test methods has been established which are able to detect different failure types at specific points in the signal chain and at different levels [1] . The ultrasound probe -a high sensitive, mechatronic device -is considered to be the most failure-prone part of the system [2] . Consequently a simple, user independent and reliable test of the transducer elements is a prerequisite for a broader acceptance of technical quality assurance (TQA) in the user community. The analysis of Bmode images acquired when the ultrasound waves are emitted into air could provide such a test modality.
Methods
If an ultrasound probe with its clean surface is radiating into air, in the upper part of the resulting b-mode image characteristic bright edges appear. In the case of dead transducer elements, the image shows a dark gap at the position corresponding to the defective elements (Fig. 1) . After storage of the image the digital data are accessible for further analysis onsite or at a remote computer. Since the gray level profiles, even with intact transducer arrays, exhibit larger deviations from the mean (e. g. at the transducer edges), the simple application of a certain threshold [3] to detect dead elements fails in some cases or leads to erroneous statements. For this reason an alternative method for the detection of defective elements on the array was used.
The sequence of the values Y i was fitted by a polynomial ƒ(x) of order k omitting, the values in a window W j = {j+1, . . . , j+n} with the width n, which is supposed to contain the defective elements. 
Since for an intact transducer  should ideally equal zero, we can now check the hypothesis H 0 :  = 0; H 1 :  <0. This is done by a modified t-test using the test variable
The hypothesis is rejected if
applies. By mean of computer simulations a appropriate critical values C n () was found. During this task N normal distributed, pseudorandom numbers with mean 0 and variance σ 2 were generated and then the values of the test variable T and their minimum according to the proposed test procedure were calculated. After 200 000 repetitions from the resultant minimum T values the percentiles were evaluated. Finally the simulation yields a value of C n =5.
Results
The test method was first applied to simulated transducer defects. Using an research ultrasonic system (Sonix-TOUCH, Ultrasonix Medical Corporation, Richmond, Canada) with a 5 MHz convex transducer, 1 to 13 adjacent piezoelectric elements were masked and switched off. In result the method was able to detect clearly real defects which resulted from failures as small as 2 adjacent dead elements in a array of 128 elements.
Discussion
A method is described which easily allows to assess the transducer quality, in particular element failures in an ultrasound array, by applying a statistical procedure to gray level profiles acquired from B-mode images of the transducer emitting into air. The minimum requirement of 2 adjacent dead elements for a reliable recognition by the test procedure is sufficient for clinical routine. Such minor defects are tolerated by practicing physicians as has been demonstrated in a recent empirical study [4] . The results of this work are based on simulated transducer failures. Up to now only a small number of transducers with real damage that came from the field of clinical routine was examined. This number must be increased significantly in order to verify the method for practical use. For this purpose users are encouraged to submit images obtained from probably defective probes radiating into air to the authors. For further information follow this link: <http://www.degum.de/Sondentest.1308.0.html>.
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